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ESI-MS and 1 H-NMR
The ESI-MS data was acquired in a positive ion mode using a Thermo Finnigan LXQ Dec XP and Ion Trap Mass Spectrometer instrument from Thermo Finningan (San Jose, CA). The instrument was equipped with an electrospray ion source (ESI) and an Xcalibur® system manager data acquisition software. Sample solutions (2 µL, 5 mg/mL) were injected into the ESI source using a syringe pump with a mass scan range of 100 m/z -1000 m/z. The conditions for the ion trap mass spectrometer were as follows: spray voltage, 4.5 kV; source current, 80 µA; capillary temperature, 325 o C; capillary voltage, 30 V; tube lens offset, 120 V; multi-pole 1 offset, 6 V; multi-pole 2 offset, 10 V; and sheath gas flow (N2), 35 A.U.
Proton nuclear magnetic resonance ( 1 H-NMR) spectra were run at 400 MHz on a NMR spectrometer (Bruker AVANCEⅡ, Switzerland) and the chemical shifts were in ppm down field from CDCl3.
Synthesis of mPEG2k-LA
Linoleic acid (0.5g, 1.78 mmol), mPEG2k (1g, 0.5 mmol), DCC (0.4g, 1.94 mmol) and DMAP (0.24 g, 1.96 mmol) were added to dichloromethane (6 mL) at room temperature. The solution was stirred for 2 h under nitrogen atmosphere, filtered to remove DCU, washed with saturated sodium chloride solution, dried over Na2SO4 and concentrated in vacuo. The residue was washed with petroleum ether thrice and dried under vacuum to give mPEG2k-linoleic acid (mPEG2k-LA) as a white solid (1.09g, 62 %).
Assay validation of 6-shogaol measured in tissue and plasma
System suitability.
System suitability was performed using the blood plasma and tissue as the working biological samples. Blank plasma and tissue, plasma and tissue containing 6-shogaol and Curcumin were treated as indicated in section 2.10. The system suitability was evaluated by determination of 6-shogaol by HPLC method.
Linearity.
Based on the results of the HPLC, the linearity was calculated by regression analysis. After plotting the peak area ratios of 6-shogaol to the internal standard (Curcumin) as ordinate (y) and the concentration of 6-shogaol as abscissa (x), the calibration curves, linear ranges and regression coefficients of plasma and tissues were analyzed.
Intra-day and Inter-day precision.
QC samples (in vivo) were prepared as described in section 2.10. Aliquots (20 µL) of QC samples were injected into HPLC and detected five consecutive times within a day. The ratios (f) of the peak areas of 6-shogaol to the internal standard were calculated. Intra-day RSD was calculated by the substitution of the ratios (f) into the standard curve. Similarly, each QC sample (20 µL) was injected into HPLC to detect 6-shogaol content in five successive days' determination, and the inter-day RSD was calculated.
Accuracy.
The accuracy was estimated by method recovery. Aliquot of QC samples (20 µL) was injected into the HPLC to detect the content of 6-shogaol. The ratios (f) of the peak areas of 6-shogaol to IS were calculated, and then substituted into the calibration curve to calculate the contents of 6-shogaol. The method recovery was calculated according to Eqn. (3.1).
Extraction recovery.
QC samples (20 µL) were injected into HPLC. The peak areas of 6-shogaol in QC samples were obtained. Aliquot (20 µL) of the mixed aliquots of 6-shogaol and Curcumin with QC concentration were injected into HPLC and identified accordingly, and the peak areas of 6-shogaol in mixed aliquots were calculated. The extraction recovery was calculated according to Eqn. (3.2)
3.2
Where, Area was the peak area of 6-shogaol through overall extraction procedure and Area′ was the peak area of 6-shogaol through direct dilution.
The absolute recoveries of analytes were determined by comparing the peak areas of samples (three concentrations in five replicates) through overall extraction procedure with that of samples diluted by methanol directly.
The critical aggregation concentration (CAC) of mPEG-LA micelles
The CAC of mPEG-LA micelles was determined using fluorescence probe pyrene as reported earlier [1] . A series of samples of designed concentration of mPEG-LA solution ( Figure S10 ) with trace pyrene were determined by RF-5301 PC spectrofluorophotometer (Shimadzu, Japan). Each solution was excited at 334 nm, and fluorescence spectra were recorded between 300 nm and 500 nm. The excitation slid width was set at 10 nm and the emission slit width was 3 nm. Intensity of peak 375 nm (I375) and peak 384 nm (I384) were obtained and all the fluorescence spectra were collected ( Figure  S10 ).
Glutathione Peroxidase Assay.
Glutathione peroxidase (GSH-Px) activity was expressed as nanomoles of NADPH oxidized to NADP per minute per milligram of protein, with a molar extinction coefficient for NADPH at 340 nm of 6.22×10 6 . Liver GSH-Px was assayed in a 1-mL crystal cuvette containing 0.8 mL of 100 mM potassium phosphate buffer (pH 7.0), 1 mM EDTA, 1 mM NaN3, 0.2 mM NADPH, 1 U/mL GSH Rd, and 1 mM GSH. Five microliters of the liver homogenate and buffer was added to make a total volume of 0.9 mL. The reaction was initiated by the addition of 100 µL of 2.5 mM H2O2, and the conversion of NADPH to NADP was monitored with a spectrophotometer at 340 nm for 3 min. The specific enzyme activity of GSH-Px was expressed as U/g protein.
Determination of Superoxide Dismutase Activity.
A portion of the liver tissue was homogenized (10%, w/v) in a solution (0.32 M sucrose, 1 mM EDTA, and 10 mM Tris-HCl, pH 7.4) using a polytron homogenizer, after which it was centrifuged at 10 000 rpm (Beckman, Microfuge) at 4 °C for 30 min. The supernatant was assayed for superoxide dismutase (SOD) activity by following the inhibition of nitroblue tetrazolium (NBT) reduction. SOD activity was assayed by a reaction mixture containing 985 µL of 100 mM phosphate buffer (pH 7.4), 0.3 mM K2H2-EDTA, 0.5 mM NBT, and 0.1 mM xanthine. The mixture was preincubated for 3 min at 25 °C, and 10 µL of 0.02 U/mL xanthine oxidase was added to generate superoxide and induce NBT reduction. Changes in absorbance at 560 nm were recorded at 20-s intervals for 5 min. SOD activity was determined from a standard curve of the percentage inhibition of NBT reduction with standard SOD activity. Data are expressed as SOD units/mg protein as compared with the standard.
Determination of malonaldehyde.
The content of malonaldehyde (MDA) formation in the liver homogenate was determined using the thiobarbituric acid (TBA) method. Briefly, 250 µL of liver homogenate (10 %, w/v) was first mixed with the same volume of 50 mM potassium phosphate buffer. were also added. Samples were boiled and cooled, extracted with n-1-butanol, and centrifuged in a microcentrifuge for 10 min at 10 000 rpm. The butanol layer containing the TBA-reactive substances (TBARS) was read at 532 nm. The results were expressed as nmol/mg protein.
The degradation of mPEG-LA
The degradation of mPEG2k-LA was measured using gel filtration chromatography. The detection method used was high-performance liquid chromatography-evaporative light scattering detection (HPLC-ELSD). The chromatographic conditions were as follows: TSK-GEL4000 column (7.5×300 mm) and column temperature of 30 °C; and a flow rate of 0.6 mL/min. The mobile phase was 0.2 % acetic acid aqueous.
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1 Figure S1 -10 and Table S1-2 Figure S1 . The ESI-MS of 6-shogaol. The chromatograms of the system suitability test demonstrated that 6-shogaol could achieve baseline separation, and the determinations were not interfered by excipients under the chromatographic conditions ( Figure S4 ). The retention time of 6-shogaol was 7.55 min. The standard curve of 6-shogaol was constructed by analyzing reference solutions with different concentrations (1, 2, 5, 10, 20, 50 and 100 µg/mL). The linear regression equation of 6-shogaol was Y = 81883X-44299 (n = 3, R 2 = 0.9997), where Y represented the peak area of samples and X represented the sample concentrations of 6-shogaol. The correlation coefficient showed that the assay method was linear and acceptable for quantitative analysis. In addition, the calibration curves demonstrated good linearity over the concentration ranges of 1-100 µg/mL. Figure S5 . Chromatograms of 6-shogaol and internal standard in rat plasma: A: blank plasma; B: blank plasma spiked with 6-shogaol and internal standard; C: plasma sample after oral administration (1, internal standard; 2, 6-shogaol). Figure S6 . Chromatograms of 6-shogaol and internal standard in mouse heart, liver, spleen, lung, kidney, brain, stomach, intestine homogenate and plasma (A1)~(A9): blank heart, liver, spleen, lung, kidney, brain，stomach, intestine homogenate and plasma; (B1)~(B9): blank heart, liver, spleen, lung, kidney, brain, stomach, intestine homogenate and plasma spiked with 6-shogaol and internal standard; (C1)~(C9): heart, liver, spleen, lung, kidney, brain, stomach, intestine homogenate and plasma sample after oral administration (1, internal standard; 2, 6-shogaol).
The typical equation of the standard curves of the peak area ratio to the concentration, the linear range and regression coefficients of 6-shogaol in plasma and tissue homogenates were summarized in Table S1 . Standard curves were linear over the ranges 0.125 µg/mL-10.0 µg/mL in plasma, 0.05 -7.5 µg/mL in tissue (heart, spleen, lung and brain) homogenates, 0.05 -15.0 µg/mL in liver homogenates, 0.05 -3.75 µg/mL in kidney homogenates and 0.15 µg/mL-5.0 µg/mL in stomach and intestine homogenates. In addition, an excellent correlation between analyzed peak area ratio and concentration of 6-shogaol was observed with R 2 ≥ 0.99. Table S1 . Linear ranges, standard curves and regression coefficients of 6-shogaol in different biosamples (n = 3).
Biosamples
Linear range (μg /mL). 
